the academic literature that supports the diversification benefits 1 15 to 20 per cent of global institutionally managed portfolios are already invested in alternative assets (Baldridge et al., 2010 ) with some U.S. endowments allocating up to 80 per cent to alternative assets. 2 Yet, like the erratic hare, alternative investments carry certain risks as a tradeoff to the promise of higher returns. Recent academic evidence suggests that the majority of returns come from exposure to risk premia (beta), as market timing and security selection is notoriously hard to consistently execute. 3 In addition, alternative investment managers charge high fees: a 2 per cent management fee and a 20 per cent performance fee on average. This fee structure assumes that the hare has a special talent (or alpha potential) in, for example, market timing or investment selection. Indeed, Ang et al. [2009, p.136] conclude that "arguably some recent alternative vehicles simply repackage certain systematic factors in much more expensive forms".
Does diversification using a basket of the most common alternative investments (the 'hare') outperform diversification using low cost and liquid risk premia ('the turtle')? Perhaps diversification using risk factors (style tilts) such as exposure to the credit, momentum and value premia provides a more effective diversification strategy. Investment banks have recently begun offering such risk factors at low cost.
In our analysis, we make three contributions to research into portfolio diversification. First, we confirm that alternative assets may reduce portfolio risk, based on historical experience. 4 Since we deal with investments with asymmetric and fat tailed risk, we create efficient frontiers based on both standard deviation and Conditional Value at Risk (CVaR).
Second, we compare the risk reduction benefits of alternative investments ('the hare') and risk premium ('the turtle') portfolios out of sample, using equal-weighted and least-risk optimized portfolios. We find risk premia diversify more efficiently than alternative asset portfolios.
Third, we suggest that an optimal portfolio combines the benefits of both risk premium and alternative asset portfolios, as some alternative assets (such as managed futures, or timber)
continue to provide exposure to unique sources of return.
Our study has important implications for institutional investors: the current focus on diversification by asset classes may need to be reviewed in the light of an increasing body of evidence on the existence of various risk premia. To the best of our knowledge, we are among the first to directly compare the inclusion of alternative investments on a risk premium basis. [2010] we choose liquid market indices with very low transaction costs available through futures/ETFs for our risk premia modelling to model the value and size premium. The value premium represents the premium for high book to price stocks. The size premium represents the outperformance of smaller capitalised companies. For momentum, we rely on momentum data from JP Morgan. We apply JP Morgan's liquid risk premium data from March 1995 to December 2009. JP Morgan defines high momentum as stocks where the 5 day average is above the 260 day average, and low momentum where the 5 day average is below the 260 day average. Momentum data is provided net of a 40 basis point fee.
NOT ALL ALTERNATIVE ASSETS ARE THE
2) The put premium is created based on mechanical writing of an at the money put option, data provided by CBOE. Refer http://www.cboe.com/micro/put/. The premium received from writing put options is used to cater for tail risk premia in hedge funds and private equity.
3) The currency premia are based on indices provided by Deutsche Bank. Refer http://globalmarkets.db.com/new/docs/dbCurrencyReturns_March2009.pdf. These indices are quoted net of a 30 basis point fee. For more information on the currency premia refer Rogoff [1996] and Menkhoff and Taylor [2007] .
All these risk premia are now available through liquid futures, ETFs or low cost products from investment banks such as Deutsche Bank or JP Morgan. It is likely that more and more risk premia will become available in a cost efficient manner through Exchange Traded Funds (ETFs) (Anson [2008] ). Some of the risk premia we apply overlap with those proposed by Bender et al. [2010] , except that they include hedge fund-based premia (e.g., convertible arbitrage and merger arbitrage). We remove the latter so as to facilitate comparison with the alternative investments we suggested earlier. 
EXHIBIT 4 Descriptive statistics risk premia (1990-2009)

THE RACE IS ON: THE TORTOISE WINS THE FIRST ROUND
We now create efficient frontiers on a standard deviation and CVaR basis.
6
EXHIBIT 6 Portfolio frontiers
The frontiers below compare direct alternative investment versus risk premia portfolios.
6 Alexander and Baptista [2004] suggest CVaR is more effective than VaR for optimisation purposes. 4. An equal weighted risk premia portfolio, with the risk premia defined as in exhibit 3.
We opt for equal dollar weighting, as there is no particular risk premia portfolio that is currently prevailing in the market, in terms of investors' allocations.
The enhanced balanced fund is more efficient than the traditional balanced fund in terms of returns and risk, suggesting the inclusion of alternatives is beneficial from both a standard deviation and a CVaR perspective. The endowment fund is a higher risk higher return strategy. Importantly we note that the returns of an equally dollar weighted risk premium portfolio are comparable to that of an endowment fund, but with much less risk.
7 Bayes-Stein estimators reduce the outliers in the return data, thereby offsetting possible upwards biases in return data created by voluntary manager reporting. Bayes-Stein estimators also serve to reduce the limitation in mean-variance optimisation with alternatives that tends to concentrate the weights in a few asset classes, see Fischer and Lind-Braucher [2010] .
REMATCH: USING OUT OF SAMPLE PERFORMANCE
In the previous section, we examined the efficient frontiers based on historical data. We now construct two types of portfolios designed to test ex-ante performance for the tortoise and the hare.
i) The Equal Weighted Portfolio (EWP) Bender et al. [2010] suggest an equally weighted diversification into risk premia provides a robust out-of-sample test. An equally-weighted portfolio approach completely ignores which assets are being invested. DeMiguel et al. [2009] test fourteen different asset allocation models and conclude that none of the approaches perform consistently better out-of-sample than the 1/n rule.
ii) The Least Risk Portfolio (LRP)
The alternative is to compare diversified alternative portfolios to risk premium portfolios on a minimized portfolio risk basis (the point on the frontier with the lowest risk, either defined as standard deviation or CVaR), and then re-optimize on an out-of-sample basis as each new quarter comes in. The minimum risk portfolio is unique in that it is the only portfolio on the frontier without expected returns as inputs. Behr et al. [2008] and Clarke et al. [2006] report that many least-risk portfolios outperform market capitalization weighted indices with higher realized returns and lower volatility. 
SECOND ROUND GOES TO THE TORTOISE
Exhibit 7 shows the rolling blanket charts for the optimized portfolios. To formally test out-of-sample performance Stevenson [2000] applies the Jobson-Korkie [1981] test and notes this test remains one of the most popular for determining superior risk adjusted performance. Jobson and Korkie note the statistical power of the test (the probability of rejecting the null hypothesis of equal Sharpe) is low. Therefore, observing a statistically significant score between two portfolios can be seen as strong evidence of a difference in risk adjusted performance. We test the alternative asset versus the risk premium portfolio in exhibit 9.
EXHIBIT 7 Rolling blanket charts (out-of-sample)
EXHIBIT 9 Jobson Korkie test results
Jobson-Korkie test measures the equality of the Sharpe ratios of any two portfolios. In other words it tests if Sharpe ratios are statistically different. The null hypothesis is that Sharpe ratios do not differ from each other. . Jobson and Korkie [1981] show that the test statistic Z is approximately normally distributed with a zero mean and a unit standard deviation in the case of equal Sharpe ratios. A significant Z statistic rejects the null hypothesis of equal risk-adjusted performance. A 90 percent confidence level that the Sharpe ratios are different is suggested by an absolute Z-score greater than 1. We show in Exhibit 10 the Jobson Korkie results of a combined portfolio versus the alternative investment portfolio and the risk premium optimized portfolio. The combined portfolio selects assets for inclusion from the alternative assets (exhibit 1) and risk premia (exhibit 3), again based on mean-variance, mean-CVaR and on an equal weighted basis. This combined portfolio outperforms both the diversified alternative investment and the diversified risk premium portfolio. Tests of the mean-variance and CVaR portfolios indicate a preference for the combined portfolio however we cannot say the same when using equally-weighted portfolios. On an equally-weighted basis, a portfolio of pure risk premia is expected to outperform the combined portfolio. Exhibit 11 shows the types of assets included in the combined portfolio at various expected return levels.
EXHIBIT 11 Optimal combined portfolio at various return levels
This exhibit shows traditional blanket charts, where for each portfolio return level on the x-axis, the optimal combination of assets inside the efficient frontier is shown on the y-axis, such that the weights sum to 100 percent (no shorting or leverage is allowed).
As can be seen from Exhibit 11, under the mean-variance approach, such a portfolio favors an allocation to assets truly uncorrelated to stocks, i.e. bonds, managed futures, timber, foreign exchange carry, foreign exchange value and foreign exchange momentum. Under the mean- Conditional Value at Risk portfolio, which focuses on the downside risk specifically, an increased allocation is given to foreign exchange strategies at the expense of the other factors.
For practitioners, this is an important finding: it is thus possible that the constructing the optimal portfolio then consists of identifying the right elements from both the tortoise and the hare, to derive the optimal reward to risk. The process used to derive the actual portfolio weights is then secondary.
CONCLUSIONS
While investing in risk premia may not be as exciting as some of the more recent alternative investments, the tortoise may in the long run outperform the hare. While we conclude portfolio risk reduction is more efficiently achieved using a risk premium portfolio than a diversified portfolio of alternative investments, an optimal portfolio combines the best elements of both animals. A number of areas are suggested for further research.
First and foremost is the stability of the various risk premia. We only have access to a 20 year history for alternative investments and risk premia, and that history is mainly U.S. based. In reality there have been a number of cases where risk premia have been unrewarded, even over a 20 year period. Consider for example the equity risk premium in Japan, where investors have been faced with declining markets since the stock market peak in 1990 and flattening yield curves. In addition, some risk premia, such as the small cap and value premia hold their roots in behavioural finance (Fama and French [1993] ) and the magnitude of these premia may change going forward as more money gets invested in smaller and value stocks. In a similar vein, the emerging market premium may decline as more markets become developed and open up to foreign investment or the term premium may disappear during periods of flat yield curves.
A second area of research could focus on the application of leverage (i.e. allowing for negative asset class weights in our portfolios and also for weights over 100 percent). Removal of constraints improves the efficient frontier and this method is proposed by supporters of risk-parity portfolios 8 , using leverage to obtain more equal risk contributions. However, as the global financial crisis has shown, leverage in itself brings forth a number of issues such as counterparty risk, and needs to be applied on a carefully considered basis.
Finally, continued identification of risk premia considered unique to alternative asset classes and ways to efficiently capture them can prove to be a fruitful area of research. Historically, academic research and behavioural finance has mainly focused on anomalies in public equity markets (Fama and French [1993] ), although there is increased interest in capturing premia in for example hedge funds (Bender et al., [2010] ). At the same time, it is acknowledged that some risk premia may be less easily quantifiable or are inherent in the asset class. Consider for example the inherent risk in tree growth for timberland, the supply and demand risk for commodities, or the trend following premium in managed futures. Thus, some types of alternative investments will continue to provide unique sources of diversification, as our combined portfolio indicates.
